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ELECTROMECHANICAL ACTUATOR 



Cross-Reference to Related Application : 

This application is a continuation of copending International 
Application No. PCT/DE00/01033 , filed April 4, 2000, which 
designated the United States. 



Background of the Invention : 
Field of the Invention : 
The invention relates to an electromechanical actuator, in 
particular for a gas exchange valve of an internal combustion 
engine. The actuator contains at least one electromagnet 
having a coil and an armature having a shank and is 
mechanically coupled to at least one resetting device and is 
movable between a first contact surface on the electromagnet 
and a second contact surface. 



A known electromechanical actuator (see German Patent DE 196 
47 305 CI) has two electromagnets, which each have a coil, and 
an armature, which has a shank and is mechanically coupled to 
a spring. The armature is movable between a first contact 
surface on the first electromagnet and a second contact 
surface on the second electromagnet. The actuator is disposed 
in a cylinder head of an internal combustion engine. When no 
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current is flowing through the coils of the electromagnets, 
the shank of the armature is positively coupled to a shank of 
a gas exchange valve. The shank of the gas exchange valve is 
coupled to a second spring, which acts counter to the first 
spring, whereby the frictional connection is established 
between the shank of the gas exchange valve and the shank of 
the armature. When the actuator is being assembled in the 
cylinder head, the shank of the armature plate must be 
positioned exactly in line with the shank of the gas exchange 
valve. Furthermore, the first and second springs must be 
compressed during assembly, in order to bring the actuator 
into the assembly position. If the force necessary for this 
is not exerted exactly, screw bolts that are usually used for 
fixing the actuator in the cylinder head, and an associated 
thread, are subjected to high tensile stresses and may be 
damaged as a result . 

Summary of the Invention : 

It is accordingly an object of the invention to provide an 
electromechanical actuator that overcomes the above-mentioned 
disadvantages of the prior art devices and methods of this 
general type, such that it can be assembled easily and 
reliably on a support. A further object of the invention is 
to specify a method that ensures reliable and easy assembly of 
the actuator on the support . 
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With the foregoing and other objects in view there is 
provided, in accordance with the invention, an electromagnetic 
actuator. The actuator contains at least one electromagnet 
having a coil and a first contact surface; a second contact 
surface; at least one resetting device; and an armature having 
a shank mechanically coupled to the resetting device. The 
armature is movable between the first contact surface on the 
electromagnet and the second contact surface. A connector 
having at least one contact element is electro-conductively 
connected to the coil of the electromagnet and disposed such 
that, at least during an assembly of the actuator onto a 
support, the contact element can be electrically contacted by 
an assembly contacting element. 

In accordance with an added feature of the invention, the 
connector has an opening formed therein, and the contact 
element has a region configured as a service contact that is 
led through the opening in the connector. The service 
contact, at least during the assembly of the actuator onto the 
support, can be electrically contacted by the assembly 
contacting element . 

In accordance with another feature of the invention, the 
connector has a housing with the opening formed therein. The 
service contact is led in an oil -proof manner through the 
opening in the housing of the connector. 
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With the foregoing and other objects in view there is further 
provided, in accordance with the invention, a method of 
mounting an actuator. The method includes providing an 
5 electromagnetic actuator containing at least one electromagnet 
having a coil and a first contact surface, a second contact 
surface, at least one resetting device, an armature having a 
shank mechanically coupled to the resetting device and the 
armature being movable between the first contact surface on 
jjjo the electromagnet and the second contact surface, and a 
>3 connector having at least one contact element electro- 

ru 

.,3 conductively connected to the coil of the electromagnet and 
disposed such that, at least during an assembly of the 
actuator onto a support, the contact element can be 

! |5 electrically contacted by an assembly contacting element. The 

P 

j.A contact element is then brought into electrical contact with 
the assembly contacting element. Current is passed through 
the coil of the electromagnet in such a way that an armature 
plate of the armature comes into contact with the first 

20 contact surface. The actuator is then fixed on the support. 
Then the electrical contact between the contact element and 
the assembly contacting element is broken. 

Other features which are considered as characteristic for the 
25 invention are set forth in the appended claims. 
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Although the invention is illustrated and described herein as 
embodied in an electromechanical actuator, it is nevertheless 
not intended to be limited to the details shown, since various 
modifications and structural changes may be made therein 
5 without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims. 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 

X of specific embodiments when read in connection with the 
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q accompanying drawings. 

m 

j s 7 Brief Description of the Drawings : 

%S Fig. 1 is a diagrammatic sectional view of a configuration of 
an actuator in an internal combustion engine according to the 
invention; 



Fig. 2 is an enlarged, partial sectional view of the actuator 
2 0 shown in Fig. l; and 

Fig. 3 is an enlarged, partial sectional view of the actuator 
shown in Fig. 1. 
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Description of the Preferred Embodiments : 

In all the figures of the drawing, sub-features and integral 
parts that correspond to one another bear the same reference 
5 symbol in each case. Referring now to the figures of the 

drawing in detail and first, particularly, to Fig. 1 thereof, 
there is shown an internal combustion engine that contains an 
actuator 1, which acts on a gas exchange valve 2 and is 
disposed in a cylinder head 31 of the internal combustion 
;ip engine. The gas exchange valve 2 is configured either as an 

: ^ 
"a C? 

..3 outlet valve or as an inlet valve. The gas exchange valve 2 

ry 

v3 has a valve shank 21 and a disk 22. The actuator 1 has a 

hi 

housing 11, in which a first and a second electromagnet are 
1^ disposed. The first electromagnet has a first core 12, which 
15 is provided with a first coil 13. The second electromagnet 

a 

(,£ has a second core 14, which is provided with a second coil 15. 
An armature is provided, and has an armature plate 16 disposed 
in the housing 11 movably between a first contact surface 15a 
of the first electromagnet and a second contact surface 15b of 

20 the second electromagnet. The armature plate 16 is 

consequently movable between a closed position s maxS and an open 
position s max0 . The armature also has a shank 17, which is led 
through clearances in the first and second cores 12, 14 and 
can be mechanically coupled to the valve shank 21 of the gas 

25 exchange valve 2. A first resetting device 18a and a second 
resetting device 18b, which are preferably springs, bias the 
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armature plate 16 into a predetermined rest position s 0 . The 
resetting devices 18a, 18b are disposed on one side of the 
housing 11 of the actuator 1, toward the gas exchange valve 2, 
in a clearance in the cylinder head 31. The resetting devices 
18a, 18b are referred to hereafter as springs. The first 
spring 18a is supported on one side on a spring disk, which 
for its part bears against the housing 11, and on the other 
side on a further spring disk, which is positively connected 
to the armature shank 17. The second spring 18b is supported 
on one side on a spring disk, which is supported on the 
cylinder head 31, and on the other side on a further spring 
disk, which is positively connected to the valve shank 21 of 
the gas exchange valve. The armature shank 17 and the valve 
shank 21 are in line, that is to say positioned coaxially in 
relation to each other. The springs are preferably configured 
in such a way that the second spring 18b is virtually relieved 
when the armature plate 16 is in contact with the first 
contact surface 15a, and the first spring 18a is largely 
relieved when the armature plate is in contact with the second 
contact surface 15b. A distance between the first and second 
contact surfaces, that is between the closed position s maxS and 
the open position s max0 , is for example eight millimeters. 

Also assigned to the actuator 2 is a connector 51, disposed in 
which are contact elements 53 (Fig. 2), which are electro- 
conductively connected to the coils 13, 15. Furthermore, a 
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connector receptacle 52 is disposed on the cylinder head 31. 
The connector 51 and the connector receptacle 52 are described 
in more detail further below with reference to Figs. 2 and 3. 
The actuator 1 is rigidly connected to the cylinder head 31 of 
the internal combustion engine. For this purpose, it is 
preferably fixed by bolts in a thread of the cylinder head 31. 
An intake port 32 and a cylinder 33 with a piston 34 are 
provided in the internal combustion engine. The piston 34 is 
connected to a crankshaft 36 via a connecting rod 35. 



A control device 4 is provided, which receives signals from 
sensors, which are for example a position sensor 19 and/or a 
speed sensor 3 7 and/or a load- sensing sensor. The control 
device 4 activates the first and second coils 13, 15 of the 
actuator 1 in accordance with the signals of the sensors 19, 
37. 



The connector 51 (Fig. 2) has toward the cylinder head 31 an 
opening, in which the connector receptacle 52 is received. 
The contact elements 53 are configured either as a contact pi 
or as a lead frame. Disposed in or on the connector 
receptacle 52 are resiliently configured contact elements 55, 
which may similarly be configured for example as contact pins 
and which are disposed in such a way that they contact the 
respective contact elements 53 of the connector 51 in the 
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assembled state of the actuator 1 of the internal combustion 
engine . 



To ensure good heat dissipation from the actuator 1, it is 
5 preferably surrounded by a coolant. The coolant is preferably 
in the form of engine oil. The connector 51 and the connector 
receptacle 52 are therefore configured in such a way that, 
when the connector receptacle 52 is inserted into the 
connector 51, the region in which the contact elements 53 
!;|° con tact the resiliently formed contact elements 55 are sealed 
off with respect to the coolant. Corresponding seals are 
possibly provided for this purpose on the connector 51 or the 
connector receptacle 52. This ensures that no short-circuits 
with neighboring contact elements can occur between the 
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< 5 15 contact elements 
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Provided in the connector 51 is a clearance 57, through which 
a subregion of the contact element 53 configured as a service 
contact 58 is led. The clearance 57 and the service contact 
58 are configured in this case in such a way that, at least 
during the assembly of the actuator onto the cylinder head 31, 
the service contact 58 can be electrically contacted by an 
assembly contacting element 59. The actuator 1 is assembled 
onto the cylinder head 31 from above (see Fig. 1) . Therefore, 
the service contact 58 is disposed in such a way that it is 
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accessible from the side of the connector 51 remote from the 
cylinder head. 

For the assembly of the actuator 1 onto the cylinder head 31, 
the assembly contact element 59 is brought into electrical 
contact with the contact element 53. The assembly contact 
element 59 is connected to an external power supply. Once 
contacting has taken place, current is then passed through the 
first coil 13. To close the circuit of the coil, preferably a 
second contact element is connected to a service contact and 
is likewise brought into electrical contact with an assembly 
contact element if the actuator is not already connected at 
the factory to a frame terminal. The current through the 
first coil is predetermined in such a way that the magnetic 
force generated in the first electromagnet is sufficient to 
bring the armature plate 16 into contact with the first 
contact surface 15a and hold it there. 

Subsequently, the actuator 1 is then positioned in the 
cylinder head 31 in such a way that the shank 17 and the valve 
shank 21 are in line and are fixed by bolts, which are screwed 
into a thread formed in the cylinder head 31. In this case, 
the contacting element 59 remains in constant contact with the 
service contact 58, so that the armature plate 16 is held in 
contact with the first contact surface 15a by the force that 
is generated by the first electromagnet. This ensures by 
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simple measures that the actuator 1 can be positioned exactly 
and the bolts can be screwed into the thread in the cylinder 
head 31 without the bolts being subjected to high tensile 
forces. The service contact 58 is preferably led in an oil- 
proof manner through the clearance 57 in the connector 51. It 
is consequently ensured that oil is prevented from being able 
to pass through the clearance during operation of the internal 
combustion engine, which could possibly lead to short-circuits 
between neighboring contact elements. 

The actuator 1 is distinguished by the fact that it can be 
assembled easily and precisely in the cylinder head 31. The 
electromagnet, present in any case in the actuator 1, is in 
this case used to exert the necessary force to bring the 
armature plate 16 into contact with the first contact surface 
15a and consequently to draw back the free end of the shank 17 
on the side on which the spring 18a is disposed to the extent 
that the actuator 1 can be brought into its assembly position 
on the cylinder head 31 without it being necessary to compress 
the spring 18b. 

The springs 18a, 18b are preferably of a conical 
configuration. They preferably taper toward the spring disks 
18c, I8d, which are positively connected to the armature shank 
17 and to the shank 21 of the gas exchange valve, 
respectively. The conical configuration of the springs 18a, 
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18b has the advantage that they have a smaller mass in 
comparison with cylindrical springs, i.e. springs with a 
uniform diameter of the turns. Furthermore, use of the 
conical springs also allows the spring disks 18c, I8d to be 
made smaller. These measures have the effect of reducing the 
overall moved masses of the actuator, so that the actuator can 
be operated with greater efficiency. The conical 
configuration of the spring represents an independent 
invention, irrespective of the presence of the assembly 
contacting element. 



